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DETECTION OF BASE CONTAMINANTS IN GAS SAMPLES 

RELATED APPLICATION 

This application is a divisional of Application No. 09/232,199, filed 
January 14, 1999. 

5 The entire teachings of the above application are incorporated herein by 

reference. 

BACKGROUND OF THE INVENTION 

The invention relates to the detection of base contaminants in a gas sample, 
especially amine contaminants, and to systems employing such detection, including 
10 semiconductor fabrication systems and systems for filtering gases for semiconductor 
fabrication and other processes that require uncontaminated atmospheres of high 
quality. 

A particular purpose of the invention is to reliably measure low concentrations 
of airborne base contaminants in a semiconductor manufacturing environment that may 
15 adversely affect base-sensitive photolithographic processes being employed. 

In semiconductor manufacturing it has been found desirable to detect airborne 
basic compounds such as normal methyl pyrrolidinone (NMP) and ammonia. Such 
contaminants may interfere, for instance, with a photolithography process used in 
semiconductor fabrication. The base contaminant may react with protons produced as a 
20 result of exposure of a photoresist layer to light. This can interfere with proper 
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exposure and development and can harm the yield of the process and the rate of 
production of the semiconductor wafers. 

For this reason, semiconductor manufacturers have sought to measure and 
control the concentration of airborne molecular contamination during the critical steps 
5 of the photolithography process that are sensitive to it. A detecting instrument specific 
to the detection of NMP and a detecting instrument specific to the detection of ammonia 
have been employed in semiconductor manufacturing facilities to monitor the 
atmospheric quality in the vicinity of production tools. 

To understand the novel aspects of the invention it is useful to mention some 
10 detection techniques that have been used in other contexts. 

For study of combustion processes or atmospheric pollution, some have 
developed processes for measuring the total fixed gaseous nitrogen species, including 
NH 3 , NO, N0 2 , HCN and organic amines in gaseous mixtures. The process involves 
catalytic conversion at elevated temperature of all fixed nitrogen species to NO, 
1 5 followed by chemiluminescent measurement of the resulting NO concentration. 

For detection of ammonia, NO and NO x , machines have been made that employ 
an ammonia scrubber or absorber coupled with a thermal/catalytic converter with or 
without a molybdenum catalyst. For instance, in one instrument for stack gas analysis, a 
diluted sample is directed by a valve to alternatively flow through or past an absorber 
20 that specifically removes ammonia. The alternating samples proceed along a common 
line through a thermal converter to a chemiluminescent detector that operates in the 
650-750 millibar range. By subtracting signals, the ammonia concentration can be 
calculated. 

Another aspect of the invention relates to the use of air filters for the ambient air 
25 in semiconductor manufacturing. To avoid harm to the process from NMP or ammonia, 
semiconductor manufacturers have used chemical filters to remove the contaminants. 
These filtering systems employ filter stages within an enclosure, the filter media of each 
stage being penetrable by air with acceptable pressure drop. As air flows through the 
filtering system, unwanted contaminants are retained on the chemically active surface of 
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the various stages of the filter system. A problem associated with such filtering systems 
has been to accurately predict the remaining life of the filter so that the filter media can 
be changed at appropriate times with minimal disruption to the use of the expensive 
production facility. In the case of semiconductor fabrication facilities, typically, filter 
5 life has been estimated by measuring the concentration of ammonia in the air flow 
associated with the filter system. 

DISCLOSURE OF THE INVENTION 

The measurement of ammonia, exclusive of other basic contaminants, is 
unsatisfactory in photolithographic processes that are affected by low concentrations of 

10 any basic contaminant gas. One process that is sensitive to low levels of any basic 

contaminant gas is chemically-amplified deep-ultraviolet (DUV) photoresist processing. 
Typically, most or all of such basic contaminants that can affect the process include 
nitrogen. Measurement of total fixed-nitrogen species is not applicable, however, 
because many of the fixed-nitrogen species (e.g., HCN, NO, N0 2 ) are not basic in 

1 5 nature and do not affect the process. 

None of the techniques mentioned above have suggested the concept of the 
present invention of measuring—in a single, non-specific reading-a low-level 
concentration of multiple basic nitrogen compounds in a gas sample exposed to 
photolithographic processes and the like. 

20 The invention is based in part on the realization that semiconductor 

manufacturing and certain other processes, which are recognized to be sensitive to 
NMP, ammonia, or other basic nitrogen compounds, are in fact sensitive to the total 
proton-bonding capability of all nitrogenous base contaminants present, regardless of 
the specific identity of the nitrogenous base contaminants. According to the invention, 

25 rather than determine the presence and concentration of each individual contaminant by 
a separate detector, it is realized that important advantages can be obtained by providing 
a detector that provides a single reading that is stoichiometrically related to the 
aggregate proton-bonding characteristic of various nitrogenous base contaminants that 
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may be present in the monitored air. In this way, a "total basic-nitrogen-compound 
detector" is provided. 

As explained further below, what is recognized to be of use is a measurement of 
the totality of those multiple basic-nitrogen-compound contaminants in the gas sample 
5 that can adversely affect the process being monitored. For instance, currently-employed 
DUV photolithography processes are sensitive to both strong and weak bases; hence, 
according to the present invention, all airborne basic nitrogen compounds are measured 
down to low concentration levels. In other cases, where the process is sensitive only to 
bases greater than a certain pK^ then the system is implemented, according to this idea 

10 of the invention, to measure the totality of the multiple basic nitrogen compounds within 
the pK^ range to which the process is sensitive, even at low-concentration levels. 

The present invention focuses specifically on a basic-nitrogen-compound 
scrubber system as an important component of the entire basic-nitrogen-compound 
detection system. While a single ion exchange bed can be provided in a channel to 

15 remove ammonia from a gas sample flowing through the channel, this solution is not 
without drawbacks. Of particular concern is that ion exchange beds over time do not 
effectively filter basic nitrogen compounds other than ammonia. For example, NMP, a 
higher-molecular-weight imide, can pass through a 2-inch-deep, i/z-inch-diameter 
scrubber in about 15 hours triggering false-negative signals in a measurement of total 

20 basic nitrogen compounds. This is a major problem which affects the functionality and 
reliability of the instrument's output. 

In a detection system of this invention, a primary channel and a plurality of 
scrubbing channels are connected to a detector. The term, "detector," as used herein 
includes a single detection device/unit as well as a plurality of detection devices/units. 

25 Each of the scrubbing channels include a basic-nitrogen-compound scrubber. 

Downstream from each of the scrubbers is a converter which converts gaseous nitrogen 
compounds into an indicator gas and a detector for detecting the indicator gas. A 
primary channel also leads to the converter and detector. As used, herein, the term, 
"converter," refers either to a single converter unit to which all channels are connected, 
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in parallel, or to multiple converter units individually associated with a single or 
multiple channels. 

In a method of this invention, reference gas samples are passed through first and 
second scrubbers to remove basic nitrogen compounds from the gas samples. The 
5 second scrubber is purged to remove reversibly-bound nitrogen compounds while a gas 
sample passes through the second scrubber. The gas samples passing through either the 
first or second scrubber then pass through the converter and detector. Alternately, a 
target gas sample bypasses the scrubbers before delivery to the converter and detector. 
The total concentration of basic nitrogen compounds in the gas samples is then 
10 determined on the basis of the difference of the detected concentration of the indicator 
gas in the target gas sample and the detected indicator gas concentration in the reference 
gas sample. 

In preferred embodiments of the system, the scrubbing channels are connected in 
parallel, and the system includes purge systems coupled to the scrubbers for purging 

15 reversibly-bound basic nitrogen compounds from the scrubbers. Preferably, the 
scrubbers include cation exchange media. A flow controller governed by a control 
system can be positioned to selectively control which of the scrubbing channels the 
sampled gas can flow through to the converter. The control system can be programmed 
to transfer the flow of the reference gas sample that reaches the detector from a 

20 scrubbing channel with a contaminated scrubber to a scrubbing channel with a purged 
scrubber and then to direct a purge gas through the contaminated scrubber. Preferably, 
the control system is programmed to transfer the flow of the reference gas sample away 
from a scrubbing channel and to purge the scrubber of that scrubbing channel before a 
weak-base nitrogen compound can penetrate through the scrubber. Moreover, the 

25 purging process can alternate between scrubbers with the flow of gas samples to the 
converter preferably continuing substantially without interruption. Finally, the control 
system can be programmed to alternately transfer the flow of a gas sample between the 
primary channel and one of the scrubbing channels. 
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In accordance with one aspect of the invention, the system samples gas from a 
photolithography tool cluster for the fabrication of semiconductor wafers and is adapted 
to monitor the concentration of basic nitrogen compounds in the photolithography tool 
cluster. In a specific form of this embodiment, the scrubbers include photoresist-coated 
5 beads, the photoresist coating matching the photoresist applied by the photolithography 
tool cluster. 

Other preferred embodiments of the system include a pressure reducer located 
upstream of the detector and a vacuum pump located downstream of the detector. 
Further, a common converter and detection device can be coupled to the primary 
10 channel and the filtering channels. Further still, scrubbers are preferably excluded from 
the primary channel, and at least one multi-way valve is preferably arranged for 
selecting which of the channels the sampled gas may flow through to the converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a DUV photolithography processing facility employing a 
1 5 contaminant detection system. 

Fig. 2 is an enlarged schematic view of the filtration tower shown in Fig. 1. 

Fig. 3 is a flow diagram illustrating the process of calibrating the detection 
system of Fig. 1. 

Fig. 4 is a flow diagram illustrating the continuous operation and calibration of 
20 the embodiment of Fig. 1 . 

Fig. 5 is a flow diagram illustrating the monitoring and control of the processing 
tools and filtration system of the embodiment of Fig. 1. 

Fig. 6 is a schematic view of a total basic-nitrogen-compound detector as a 
mobile detection unit. 

25 Fig. 7 is a schematic view of a photolithographic system in which a total basic- 

nitrogen-compound detector is combined with a track. 
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Fig. 8 A is a schematic view of a sample delivery train for total basic-nitrogen- 
compound detection that has a scrubber system to produce an internal reference, and in 
which a pressure reducer is located downstream from the scrubber system. 

Fig. 8B illustrates a basic-nitrogen-compound scrubber system. 
5 Fig. 8C illustrates a sample delivery train with separate pressure reducers. 

Fig. 8D illustrates a thermal converter useful in the system of Fig. 8 A. 

Fig. 8E is a schematic view of a detection system that includes three separate 
sample channels coupled to an NO detector. 

Fig. 9 is a schematic view of a sample delivery train similar to that of Fig. 8 A in 
10 which an isolation valve is located upstream from a scrubber system. 

Fig. 10 is a view similar to Fig. 8 A of a system implemented to be immune to 
variations in NO and other interferents at the sampling site. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In Figure 1, a photolithography tool cluster is shown for the production of 

15 semiconductor wafers. The cluster consists of two tools, a stepper 8 and a track 9. A 
wafer processed by the cluster is coated with photoresist in the track 9, transferred to the 
stepper 8 where the coated wafer is exposed to ultraviolet radiation passing through a 
reticle, and then transferred back to the track 9 where the exposed photoresist is 
developed. Each of these tools 8, 9 is joined to a separate clean air filtration system, 1 

20 and la, respectively. Each filtration tower comprises a metal enclosure 10 and a set of 
spaced apart chemically-active filter stages 12, 14, 16, 18 installed in series within the 
enclosure. As depicted in Fig. 1, the air enters at 20, at the top of the tower, the air 
being supplied from either outside the fabrication facility or from within the facility, or 
from within the clean room or the tool itself. This system and its operation are more 

25 fully described in U.S. Patent Applications Nos. 08/795,949, filed February 28, 1997, 
and 08/996,790, filed December 23, 1997, the teachings of both of which are hereby 
incorporated by reference. 
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The filters are composed of chemically-active composite materials, typically 
nonwoven fabric media, to which are bound activated carbon particles or ion exchange 
beads that have been treated to remove ammonia and organic amines. The filter media 
is typically arranged as a set of pleats in the enclosure. An example of such filter media 
5 is known by the trademark, Vaporsorb™, produced by the Assignee, Extraction Systems 
Inc. of Franklin, Massachusetts, U.S.A. 

In another embodiment, a converter-detector is employed to monitor filter 
performance of a filter deployed in either the make-up or recirculation air supplying a 
clean room. In this case, the converter-detector is employed in such a manner as to 
10 monitor total basic nitrogen compounds both upstream and downstream of a filter 

deployed either alone or in series in the make-up or recirculation air system of the clean 
room. 

In other implementations, different filter media are employed. Certain examples 
include parallel trays of loose activated carbon particles produced by, e.g., Donaldson 

1 5 Company (Minneapolis, Minnesota, USA); extruded carbon blocks using a dry 
thermoplastic adhesive as the binding agent as produced by, e.g., Flanders Filters 
(Washington, North Carolina, USA), KX Industries, and Peneer Industries; thin 
extruded carbon blocks manifest as a fabric as manufacturing by, e.g., KX Industries; 
media made by the modification of the chemical properties of the fiber structure as 

20 produced by, e.g., Ebara Corp. (Tokyo, Japan) and Takuma Ltd.; and carbon fiber 

structures as produced by, e.g., Kondoh Ltd.; and carbon particle sheet media produced 
by, e.g., Hoechst-Celanese. 

As shown in Fig. 1, each filtration tower, 1 and la, includes, respectively, an 
upstream sampling port 2, 2\ a downstream sampling port 4, 4', and an intermediate 

25 sampling port 3, 3'. Sampling ports 8a and 9a are likewise provided for the stepper 8 
and track 9, respectively. For each filter and tool combination, there is one conversion 
module 6 (for the stepper 8) and & (for the track 9). The conversion modules 6 and & 
are connected to a common, remotely-located NO detector 7. 
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In other embodiments, a single conversion module receives gas samples from 
both tools 8 and 9 and delivers the converted samples to the detector 7. In this case, the 
conversion module and the detector 7 can be in the form of a Model 17 instrument, 
which is available from Thermo Environmental Instruments Inc. (Franklin, 
5 Massachusetts, USA). Although the remaining description relating to Fig. 1 is generally 
directed to the illustrated embodiment, which includes a pair of conversion modules 6 
and 6 ! , a single conversion module can generally be used with equal success. 

A remotely-controlled manifold 5, 5 ? , is associated with each conversion module 
6, 6 1 , respectively. Via respective sample lines, the manifolds 5,5' direct to the 

10 conversion modules 6, 6' respective samples from the tools 8, 9, from the inlet streams 
2, 2 f of the filters, from the outlet streams 4, 4' of the filters, and from the intermediate 
filter ports 3, 3', according to a sequence controlled by a computer 5 1 . As shown in Fig. 
8 A, and as described in greater detail, below, the conversion modules 6, 6 f include a pair 
of channels, A and B, through which the flow of sampled gas is alternated every 10 

15 seconds, a scrubber system 120 in channel A, a multi-way valve 122 for controlling and 
redirecting flow through channels A and B, a pressure reducer 118, and a thermal 
catalytic converter 124 in which nitrogen compounds in a gas sample are converted to 
nitric oxide (NO). 

The converted samples are drawn from the conversion modules 6, 6* to a 
20 detector 7 by a vacuum pump 22 located downstream of the detector 7. The detector 7 
includes a reaction chamber where NO is oxidized to produce electronically-excited 
N0 2 molecules and a photomultiplier tube which measures photons emitted by the 
electronically-excited N0 2 molecules as they return to their ground state. 

In one embodiment, an impinger is employed to identify possible contaminants 
25 in the unconverted gas sample. The impinger consists of a glass or quartz tube holding 
a liquid. In this embodiment, a vacuum pump and an associated calibrated flow 
controller are employed to draw the gas sample from one of the sample lines through the 
liquid to take a grab sample. The grab sample is then analyzed or subjected to real-time 
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colorimetric analysis, providing a quantitative assessment of the contaminating basic 
nitrogen compounds in the sampled gas. 

In an instrument associated with more than one conversion module, each 
converter-detector subsystem is considered as a single instrument, which is calibrated 
5 independently of the other converter-detector subsystems. In the preferred embodiment 
illustrated in Fig. 1, there are two converter-detector subsystems: one subsystem serves 
the track 9 and its air filter system 1 and the other subsystem serves the stepper 8 and its 
air filter system la. For calibration purposes, zero air is provided by filter system 1 for 
the stepper subsystem and by filter system la for the track subsystem. By having the 
10 conversion module 6, & near the sampling area, the length of the sampling lines exposed 
to basic nitrogen compounds is reduced, which increases the response time of the 
system. 

To calibrate each converter-detector subsystem, two or more samples of known 
concentration of contaminants are provided to the instrument, as illustrated in Fig. 3. 

15 The instrument response is then compared with the known concentrations, and a 
calibration curve is generated and either manually or electronically, through the 
software, associated with the instrument to provide corrections to the instrument's 
response. In general, the instrument response over the concentration range remains 
stable for an extended period. The instrument is sensitive, however, to loss of 

20 calibration, for reasons such as drift of the photomultiplier, and the curve must be 
shifted relative to the true zero reading as it varies over time. Because in 
photolithography processing harmful contaminant concentrations are extremely low (on 
the order of 1 part per billion (ppb) or lower), in preferred systems the zero calibration is 
typically performed on the order of once a month to assure the fidelity of the zero 

25 reading. In a particularly preferred implementation, the detection system is arranged to 
operate continuously, as shown in Fig. 4, whereby the system performs a total basic- 
nitrogen-compound detection for each of the sampling ports in turn and conducts two 
calibrations each cycle, one with respect to each of the conversion modules 6, & with 
which the detector 7 operates. 



2532.1003-005 



-11- 

Preferably, the zero air employed for calibration is provided by the outlet ports 4 
and 4 f of the filtration system (see Fig.l). The instrument is then instructed to provide a 
zero reading for the calibration sample. In the case that the difference between the total 
basic-nitrogen-compound reading for the outlet port 4 and the sample at the 
5 intermediate port 3 is not greater than zero, the sample from the outlet port 4 is 
employed to establish zero air. In another preferred embodiment, a sampling port 
located just preceding the last filter stage is employed to verify that the zero air from the 
output of the filter stack is in fact zero air. Also, in an alternative embodiment, a built- 
in, dedicated, zero air generator is employed. The generator provides zero air by either 

10 filtering the ambient air or by bubbling air through a liquid scrubber solution. 

An external computer, preferably situated outside the clean room in which the 
tools are located, is employed to control the operation and monitor the entire 
photolithography process. The software is customized for the required application. 
Performance data is provided to the computer to provide an archival database to be 

1 5 employed to give the contamination history of the tool cluster. 

Based on the particular ports being sampled, the software employed in the 
operation of the instrument determines which converter-detector subsystem is to be 
calibrated and the appropriate source of zero air for calibration purposes. The software 
also designates which calibration curve to employ. As the detection system is calibrated 

20 and the new zero readings are determined, the calibration curves are adjusted 
accordingly. 

In a desired application, control instrumentation, as illustrated in Fig. 5, 
monitors the performance of the filtering system and the level of contamination at the 
track and stepper tools. Should a reading from either the stepper or track exceed a 
25 predetermined threshold, an alarm is enabled and the process is immediately shut down. 
However, by use of this detection system, the occurrence of such an emergency can 
normally be avoided. 

As shown in Fig. 5, the filtering system is continuously monitored in real time, 
as follows. The sample at the inlet to the filter system, over time, provides a 
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quantitative history of the input of basic-nitrogen-compound contaminants to the filter. 
By using samples drawn from the intermediate position along the filter system as well as 
from the outlet of the filter stack, and by measuring the difference in concentration 
levels from these locations, one of the following steps is triggered. If the difference is 
5 zero (condition green) and the total amine or Bronstead base concentration at the tool is 
within operating limits, then the operation continues without interruption. When the 
difference is greater than zero, the difference is compared with a predetermined 
threshold. If the threshold is not exceeded (condition yellow), operation continues but a 
filter replacement is scheduled. If the threshold is exceeded, or if the total basic 

10 nitrogen compound detected at the tool exceeds operating limits (condition red), the 
operation is immediately shut down. 

In another embodiment, there are three or more conversion modules remotely 
located at various locations in the fabrication facility. One conversion module is 
employed to monitor the general conditions in the clean room; a pair of conversion 

15 modules is employed to monitor the contamination around a different tool cluster; 
another conversion module is employed to monitor the contamination level within a 
chemical storage cabinet to provide early indication of chemical spills. 

In another implementation, shown in Fig. 6, the converter-detector instrument is 
constructed as a mobile leak detector. The mobile unit is moved to selected regions of 

20 the fabrication facility to seek possible areas of contamination leaks. By following an 
escalating basic-nitrogen-compound concentration trend, the mobile unit localizes the 
source of the contamination. 

In another embodiment, illustrated in Fig. 7, the system is combined with a 
multi-point sampling system of an array of sensors to monitor the operating status of a 

25 track, including temperature, temperature of the hot plate, time on the chill plate, 
exposure time, etc. A total basic-nitrogen-compound detector monitors process 
contaminants, such as the concentration of an adhesion promoter, e.g., 
hexamethyldisilozane (HMDS), in a gas sample during the coating stage when 
photoresist is applied to the semiconductor wafers. The wafers are then sent to the 
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stepper for exposure and subsequently brought back to the track for developing. During 
this stage, another, or the same, total basic-nitrogen-compound detector monitors the 
concentration of another possible internally-processed chemical contaminant, such as 
tetremethylammonium hydroxide (TMAH), employed in the developing stage. 
5 The system enables, in its total basic-nitrogen-compound reading, the 

simultaneous detection of NMP and ammonia, which previously were typically 
monitored with separate detectors. The system also enables detection, in its total basic- 
nitrogen-compound reading of other basic nitrogen compounds that are known to be 
harmful to the photolithography process, such as morpholine, diethylamine ethanol, and 

10 cyclohexylamine, agents which are commonly used to inhibit corrosion in high- 
humidity regions. Basic nitrogen compounds from the facility cafeteria, especially 
seafood, are also included in the detection as well as basic nitrogen compounds from the 
breath of the facility workers, which can create high levels of basic-nitrogen-compound 
contamination, depending upon diet and smoking habits. As has been explained, the 

15 system, as illustrated, converts substantially all such airborne basic nitrogen compounds 
to a common detectable compound, which it detects to indicate the level of hydrogen- 
bonding contaminants. If high concentrations of the contaminants are detected, by grab 
sampling techniques, the exact sources of the contamination can be determined and 
remedied. 

20 Another advantageous aspect of the system is its adaption to the certification 

process of clean rooms. Heretofore, during the certification process, each individual 
molecular base present in the clean room was typically detected by a separate detector. 
The concentrations were summed providing a number indicating the total base loading 
in the clean room. For instance, if three bases were present, each with a concentration 

25 of 10,000 parts per trillion (ppt), the clean room rating would be MB30,000 (or 30,000 
ppt). the present invention solves the problem of detecting individual bases by 
providing the total base loading within a clean room with a single reading. 

The following embodiments of the invention are particularly effective in 
providing an accurate determination of total basic nitrogen compounds at low 
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concentrations, for protection of the base-sensitive processes. These embodiments 
include a primary channel and a plurality of scrubbing channels for delivering gas 
samples from a source to the converter and detector. Each of the scrubbing channels 
includes a removal device for removing basic nitrogen compounds from the gas samples 
5 to produce reference samples. In some embodiments, the removal device is process- 
specific, meaning that it removes only those basic compounds that are of interest for a 
specific process. For example, in an embodiment specifically designed for use with 
semiconductor fabrication tools, the removal device is coated with photoresist to 
remove from the gas sample those compounds that will interfere with photolithographic 

10 deposition and development. The primary channel, meanwhile, delivers target gas 
samples from the same source to the converter without scrubbing. 

Because the scrubbing channels produce a reference sample that is free of 
substantially all of the gas molecules corresponding to the class of basic nitrogen 
compounds of interest, the reference sample provides a baseline for canceling the effects 

15 of background, nitrogen-containing contaminants which might otherwise contribute to 
the NO concentration detected by the chemiluminescent detector in the target gas 
sample. 

Referring to Fig. 8A, a sample delivery train, including a conversion module 6, 
is shown for determining the total basic-nitrogen-compound concentration in a gas 

20 sample using an internal reference for zero air (i.e. , air that is free of basic nitrogen 
compounds). The sample enters through a selection valve 114 (e.g., a multi-position 
valve manufactured by Vici Co., Houston, Texas, USA), which creates an open flow 
path from one of the sampling ports 1 12. From the selection valve 114, the sample is 
directed to the conversion module 6, which splits each incoming sample into two parts, 

25 channels A and B, and directs each part separately, via a multi-way valve 122, to a 
thermal catalytic converter 124 followed by a chemiluminescent detector 126. 
Alternatively, a pair of three-way valves (illustrated as valves 122a and 122b in Fig. 8C 
and connected as shown) can, in practice, be substituted for the multi-way valve 122. 
Another valve 123 is provided upstream from the scrubber system 120 to help direct the 
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flow of the gas sample into channels A and B and to prevent backflow through the 
channels. 

Channel A, which serves as a "scrubbing channel," directs part of the sample 
through a basic-nitrogen-compound scrubber system 120 and then to the valve 122, 
5 while channel B, referred to as the "primary channel," directs part of the sample directly 
to valve 122. The term, "scrubber," as used in this document is intended to refer to any 
device that is effective for removing basic nitrogen compounds, or a device that 
otherwise treats the basic nitrogen compounds in such a way that they have no effect on 
the response of the detection system being employed. 

10 The scrubbed and unscrubbed parts of the original sample from channel A and 

B, respectively, proceed from valve 122 through the thermal catalytic converter 124 to 
the chemiluminescent detector 126 as time-separated samples in a single conduit. The 
difference between the response of the chemiluminescent detector 126 to samples from 
channel A and B reflects the total basic-nitrogen-compound concentration in the original 

15 sample of gas. 

It has been determined that the sensitivity of basic-nitrogen-compound detection 
improves as the operating pressure of the chemiluminescent NO concentration 
measurement decreases. Accordingly, the chemiluminescent NO detector 126 operates 
at a pressure of 125 millibar or less, by co-action of vacuum pump 128 and an upstream 
20 pressure reducer 1 18, to achieve a low noise level and to achieve a detection sensitivity 
of 1 part per billion (ppb), preferably 0.5 ppb, or better. Though the ideal operating 
pressure in the detector 126 is a function of the gas flow rate through the detector in any 
given application, a preferred pressure level in the detector is generally about 40 mbar 
(about 30 Torr). 

25 The conversion module 6 initially takes a sample of gas from one of the 

sampling ports 1 12 via selection valve 1 14 and channels it through one of the sample 
lines 116. Sample lines 1 16 are tubes formed of Teflon® PFA from E.I. DuPont de 
Nemours of Wilmington, Delaware, USA. Alternatively, sample lines 116 can be 
stainless steel tubes coated with CVD-coated silica (e.g., Silcosteel™ from Restek 
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Corp., Bellefonte, Pennsylvania, USA). Sample lines coated with silica are nonporous 
and nonreactive and, therefore, have little effect on ammonia and organic amines 
passing through the tubes. In contrast, commonly-used tubing of PTFE is relatively 
porous and tends to emit hydrogen fluoride, a strong acid, which reacts with ammonia 
5 and amines, interfering with the measurement of total basic nitrogen compounds. Silica 
may be deposited onto the stainless steel tubing using chemical vapor deposition. In 
certain applications, sample lines comprising glass are used. The glass sampling lines 
may be reinforced with epoxy. 

In certain advantageous embodiments, sample lines 1 16 are heated substantially 

10 along their total length to approximately 50° C using electrical heating lines (see, e.g., 
U.S. Patent 3,727,029, incorporated herein by reference). This reduces the tendency for 
basic nitrogen compounds to deposit on the walls of the tubing (reduces basic-nitrogen- 
compound-sticking coefficient) and thus reduces sample line contamination of the 
alternating sample gas slugs. 

15 In this context, the combination of heating the sample lines along with using a 

silica coating on the lines is advantageous because it reduces both contamination of the 
gas sample and deposition of gas sample components. Nevertheless, the practice of 
heating sample lines of other compositions, by itself, can provide a beneficial effect. 
Heating is preferably accomplished using electrical resistance wire incorporated in the 

20 wall of the sample line or otherwise disposed in thermal contact with it. 

Selection valve 1 14 (e.g., a multi-position valve manufactured by Vici) enables 
samples from different locations to be channeled into a single conversion module 6. 
The gas sample then flows through channel A or B to multi-way valve 122. After 
exiting valve 122, the gas sample passes through a pressure reducer 118 (e.g., a flow 

25 restrictor, such as a capillary glass tube or a small orifice), where the pressure drops 
from atmospheric pressure on the upstream side of pressure reducer 1 18 to 
approximately one-tenth atmospheric pressure on the downstream side. This pressure 
drop is maintained by vacuum pump 128 positioned downstream of detector 126. The 
pressure reducer 1 18 is preferably positioned downstream of the scrubber system 120 
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because the scrubber system 120 operates with greater effectiveness at higher pressures. 
Preferably, the pressure reducer 118 comprises a calibrated glass capillary heated to 50° 
C to reduce the basic-nitrogen-compound sticking coefficient. The pressure reducer 118 
can be made from tubes of glass, ceramic, stainless steel, quartz, or stainless steel with 
5 an interior plated with gold or other inert material. The low pressure of the samples- 
created by pressure reducer 118 and vacuum pump 128, in addition to enabling high 
sensitivity detection, reduces the response time for measuring total basic-nitrogen- 
compound concentration. This is because the samples travel through the delivery train 
rapidly; for instance, in the system described, valve 122 may be shifted between 

10 channels A and B every 10 seconds in normal operation. 

Auxiliary conduit 1 16a is connected at one end to valve 122, At its opposite 
end, auxiliary conduit 1 16a is connected to the vacuum pump 128. Auxilary conduit 
1 16a includes a pressure reducer 1 18a to limit flow therethrough. During operation, 
valve 122 connects the non-selected channel A or B to the auxiliary conduit 1 16a to 

15 maintain a gas flow through the non-selected channel. In this way substantially-steady- 
state flow conditions can be maintained in the scrubber system 120, and fresh sample is 
immediately available to the converter 124 upon actuation of valve 122. Further, the 
steady-state flow of gas through the channels reduces the incidence and magnitude of 
pressure spikes that can occur upon switching and thereby produce erratic instrument 

20 readings. 

The components of a scrubber system 120 of this invention are illustrated in Fig. 
8B. The scrubber system 120 includes three scrubbers 121 connected in parallel to the 
sample line 116. The scrubbers 121 of channel A are constructed to selectively remove 
from the gas sample the totality of the basic nitrogen compounds to which a 
25 photolithographic or other process being guarded is sensitive, yet their construction and 
function are nevertheless such as to not affect other nitrogen-containing compounds. 
Each scrubber 121 is preferably a solid-state scrubber, comprising an ion exchange 
medium with active sulfonic or carboxylic groups. The ion exchange medium is 
substantially non-hygroscopic and nonporous. The medium can be in the form, for 
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example, of either fibers or a resin. The scrubber may also comprise any material that 
preferentially binds the airborne molecular bases (e.g., photoresist-coated substrates, 
weak acid-coated substrates, strong acid-coated substrates, ion exchange materials, or 
chemically-treated activated carbon and molecular sieves). The properties of the active 
5 media can be chosen to optimize the selectivity of the detection process. Further still, 
the scrubber can be a chemical gas filter medium, along the lines of the air filter that 
supplies "zero air 11 in the previously described embodiments. 

A strong cation exchange medium is preferred as the scrubber substance in the 
scrubbers 121 of Fig. 8B. The medium within basic-nitrogen-compound scrubber 121, 

10 being a strong acid, removes multiple molecular bases, such as ammonia and other basic 
nitrogen compounds. A strong cation exchange medium ensures removal of both strong 
and weak molecular bases, and is suitable for photoresist lithography techniques that are 
sensitive to both strong and weak bases. For techniques sensitive only to strong bases, a 
weaker acid ion exchange medium may be employed, so that weak bases are not 

1 5 removed and occur equally in the scrubbed and unscrubbed samples. 

Nevertheless, even when a strong cation exchange medium is used, chromatic 
differences in removal efficiency will develop over time. A strong base, such as 
ammonia (NH 3 ), will be tightly bound to the cation exchange medium and, once it is 
removed from the gas sample, will likely remain fixed to the scrubber. A weak base 

20 (typically, one with a high molecular weight, such as NMP), however, will tend to 

gradually drift through the scrubber, repeatedly binding to and releasing from the cation 
exchange medium. Gradually, over a matter of hours, NMP will work its way through 
and out of the scrubber. When a tube that is x /% inch in diameter and 2 feet in length is 
used with a flow rate of 1 liter per hour, NMP will pass through the scrubber in about 15 

25 hours. Bases with strengths between that of ammonia and NMP will gradually drift 
through the scrubber, albeit at rates slower than that of NMP. 

Nine three-way valves 125, 125' and 125" act as flow controllers, controlling the 
flow of sampled gas and purge gas through the scrubbers 121. The valves 125, 125', 
125" in turn, are controlled by a control system 130. When a pair of valves 125, 125' on 
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opposite sides of the same scrubber 121 both open channels to the sample line 116, 
sampled gas flows through that scrubber 12 1, with the scrubber 121 filtering basic 
nitrogen compounds from the sampled gas. 

In one embodiment, the control system 130 selectively opens the channels to the 
5 sample line 1 16 in a single pair of opposing valves 125, 125' at a given moment. The 
control system then cyclically redirects the flow from the sample line 1 16 to each of the 
scrubbers 121, in sequence. The duration of flow (which is still received as a series of 
pulses, alternating with channel B, shown in Fig. 8 A) through each scrubber 121 is 
limited to less than the time required for a high-molecular-weight contaminant to pass 

10 through the scrubber 121. Preferably, the gas flow is shifted among scrubbers 121 about 
every 2 to 3 hours. After the flow has been redirected from a scrubber 121, the control 
system 130 then sends a signal to respective valves 125, 125 f and 125" to open a channel 
from the purge line 127 through the respective scrubber 121 and out the purge line 
exhaust 127', illustrated on the left side of Fig. 8B. The purge line 127 is supplied by a 

15 source of compressed purge gas (typically, air from which bases have been filtered), 
which flows through valves 125" and 125' and then to scrubber 121, so that the purge 
gas flows through the scrubber 121 in a direction opposite to the prior flow of the 
sampled gas. The purge gas is directed through each scrubber 121 via its respective 
valves 125, 125' and 125" in a sequence following that of the sampled gas flow and also 

20 for a period of about 2 to 3 hours. Accordingly, the purge gas cleanses each scrubber 
121 of basic nitrogen compounds removed from the sampled gas. Consequently, a clean 
scrubber 121 is always available when the flow of sampled gas is redirected. 

In addition to being connected to valves 125' and to the purge line 127, valves 
125" are also connected to an exhaust line 129. In one embodiment, the control system 

25 130 regulates valves 125, 125' and 125" to maintain a flow of sampled gas through each 
of the scrubbers 121 at all times, except during purging. The flow through only one of 
these scrubbers 121 is directed back to the sample line 116, however. Sampled gas 
flowing through other, inactive scrubbers 121 is directed by the valves 125 f and 125" 
into the exhaust line 129, which removes the sampled gas from the system. The purpose 
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of maintaining gas flow through "inactive" scrubbers is to keep "inactive" channels 
conditioned so that when the gas flow is redirected to a purged scrubber 121, the 
detector readings are less likely to be skewed by a momentary spike due to the need to 
flush old gas from the newly-activated scrubber 121 after a shift. 
5 The sample in channel A, upon exiting scrubber system 120, contains essentially 

no detrimental molecular bases; i.e., total concentration of objectionable basic nitrogen 
compounds is approximately zero. This basic-nitrogen-compound-free sample becomes 
the reference sample for purposes of measuring the total basic-nitrogen-compound 
concentration in the unscrubbed sample from channel B. The scrubbers, however, do 

10 not affect neutral or acidic nitrogen-containing compounds. Otherwise, a false signal 
would be produced because those same compounds remain in the target sample. 

In other embodiments, the reference gas and the target gas may be sampled from 
different inputs. In these embodiments, it is desirable to construct channels A and B to 
have the same pressure drop from the input location to the converter input. Referring to 

1 5 Fig. 8C, separate pressure reducers 1 1 8a, 1 1 8b may be used in channels A and B. To 
ensure that the pressure drop in each channel is approximately the same, pressure 
reducer 1 18a in channel A contains a larger orifice than pressure reducer 1 18b to 
compensate for the affect of basic-nitrogen-compound scrubber system 120 on the 
pressure in channel A. Thus, the pressure drop between scrubber system 120 and three- 

20 way valve 122a is equivalent to the pressure drop between pressure reducer 1 18b and 
three-way valve 122b. 

Valves 122a and 122b allow the basic-nitrogen-compound-free sample from 
channel A and the unscrubbed sample from channel B to be directed to thermal catalytic 
converter 124 alternately, in rapid sequence. Operating the delivery train at 125 millibar 

25 pressure, for example, enables the three-way valves 122a and 122b to jointly switch the 
flow of sample gas between channel A and channel B several times per minute, to 
enable averaging of a number of readings, if desired, within a short monitoring interval, 
for instance ten minutes or less. While either valve 122a or valve 122b directs a gas 
sample from one channel through the thermal catalytic converter 124 and detector 126, 
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the other valve 122a or 122b maintains continuous flow through the other channel by 
directing gas that passes therethrough into auxiliary conduit 1 16a. 

Thermal catalytic converter 124 (e.g., as manufactured by Thermo 
Environmental Instruments Inc.) converts basic nitrogen compounds in each gas sample 
5 to nitric oxide (NO) by thermal oxidation. A suitable catalytic converter 124 is 

illustrated in Fig. 8D. The converter 124 comprises a reaction chamber 150 that may or 
may not contain a catalytic element 152 (e.g., platinum and/or palladium), a heating 
element 154 to heat the reaction chamber, and a thermocouple 156 connected to power 
control relay 158 which regulates the temperature of the reaction chamber. Since any 

10 given sample from channel B may contain a variety of basic nitrogen compounds (such 
as morpholine, diethylamino ethanol, ammonia, and normal methyl pyrrolidinone), 
thermal catalytic converter 124 must have a high conversion efficiency for many types 
of basic nitrogen compounds. To achieve a high conversion efficiency (85-100%) for a 
broad range of basic nitrogen compounds, a stainless steel surface heated to 900°C is 

15 used as the catalyst. Alternatively, a metal oxide surface can be used. The gas sample 
is oxidized as it passes over the heated surface resulting in the conversion of basic 
nitrogen compounds to NO. If the gas sample lacks oxygen for oxidation, oxygen gas 
should be supplied to the converter. 

In other embodiments, the converter may perform photocatalysis, wherein the 

20 bonds of nitrogen-containing molecules are split with ultraviolet light to free nitrogen 
atoms for oxidation to thereby form NO. The appropriate conversion technique is 
determined by the desired application, taking into account cost and conditions of use. 

In some applications, gas samples entering thermal catalytic converter 124 may 
contain molecules that are not basic nitrogen compounds, but will nonetheless be 

25 converted into NO. For example, compounds such as NF 3 , HCN and CH 3 CN are not 
basic nitrogen compounds, yet if present in the gas sample, will be converted to NO in 
thermal catalytic converter 124. These compounds will not affect the total basic- 
nitrogen-compound concentration calculation, however, because the basic-nitrogen- 
compound scrubbers 121 do not retain these compounds since they are not bases. As 
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such, samples from channel A and channel B contain equal amounts of these non-basic 
compounds, and thermal catalytic converter 124 converts these compounds to NO 
equally for channel A and channel B, thus canceling out any effect. 

Likewise, where the process to be monitored is sensitive only to strong bases, 
5 scrubbers that include a medium, e.g., a weak acid, that removes only the various 

strong-base nitrogen compounds are selected. In this case, since the weak-base nitrogen 
compounds will be present in both channels, their presence does not affect the response 
of the system. Alternatively, basic nitrogen compounds can be differentiated on the 
basis of strength by using converters that convert bases of different strengths with 

1 0 different efficiencies. 

Converted samples exit thermal catalytic converter 124 and enter 
chemiluminescence detector 126 (e.g., as manufactured by Thermo Environmental 
Instruments, Inc.). The detector 126 employs chemiluminescence for NO detection. 
Typically, the maximum signal from chemiluminescence detector 126 is achieved at a 

15 pressure of about 65 Torr and at a flow rate of about 1.5 liters per minute under the 
operating conditions described above. Detector 126 operates at approximately 125 
millibar, suitable for detection of low concentrations of basic nitrogen compounds. This 
high sensitivity affords detection of total basic-nitrogen-compound concentrations of 
less than 1 ppb, preferably less than 0.5 ppb. 

20 Detector 126 employs chemiluminescence for NO detection. For this purpose 

NO + 0 3 - NO2 + 0 2 , 

NO is caused to react with ozone generated by an internal ozone generator in a reaction 
chamber of the detector 126. This produces electronically-excited N0 2 molecules 
(N0 2 *), which, in returning to the ground state, emit photons, hv, that are detected by an 
appropriately-cooled photomultiplier tube. The reaction is given by the expression, 



NO2 - N0 2 + hv . 
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To achieve the needed sensitivity for current DUV photolithographic processes 
with presently-available photomultipliers, the photomultiplier tube is cooled at least to 
-5° C. To achieve sensitivities required for next-generation fine-resolution DUV 
photolithography in semiconductor manufacturing, the tube is cooled to -15° C by an 
5 associated thermoelectric cooler. Moreover, since there is significant variation in the 
sensitivity of photomultiplier tubes produced by the same manufacture, the analyzer 
sensitivity is further increased by testing and choosing an optimum photomultiplier tube 
for the performance required. In other implementations, NO is detected by colorimetric 
methods using devices available from, e.g., Tytronics, Inc. of Bedford, Massachusetts; 

10 other methods that are based upon continuous in-line sampling may also be used. 
The signal from the photomultiplier is converted into time-based NO 
concentration values by a control system 130, and then the total basic-nitrogen- 
compound concentration of the gas sample from the selected sampling point is 
determined, e.g., by appropriately averaging and differencing the values. The total 

15 basic-nitrogen-compound concentration for the gas sample equals or is proportional to 
(accounting for incomplete NO conversion of basic nitrogen compounds) the difference 
between the NO concentration of the unscrubbed sample from channel B, e.g., at time tj 
(or the average of NO concentrations at times t,, t 3 , . . . t n . l5 n being an even number) and 
the NO concentration for the basic-nitrogen-compound-free sample from channel A, 

20 e.g., at time t 2 (or the average of NO concentrations determined at times t 2 , t 4 , . . . t^ n 
being an even number). 

In an alternative embodiment, the detector 126 comprises a plurality of detection 
devices, with a separate detection device being allocated to each channel 

Additional channels may be used to provide further analysis of the components 

25 of the sampled gas. For example, referring to Fig. 8E, three channels (CHI, CH2 and 
CH3) may be used to determine the component concentrations of NO, N0 2 and other 
non-basic nitrogen-containing compounds which are convertible to NO, and the total 
basic nitrogen compounds in a gas sample. The following discussion focuses on the 
various classes of nitrogen-containing compounds in the sampled gas. NO, N0 2 , basic 
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nitrogen compounds, and other N-containing compounds reach the NO detector through 
CHI; and the NO detector produces a signal representative of the NO concentration in 
the sampled gas. NO (including NO converted from N0 2 and other convertible N- 
containing molecules) and non-convertible N-containing molecules reach the NO 
5 detector through CH2; and the difference between the detector signals for CHI and CH2 
provides a measure of the concentration of N0 2 and other non-basic, nitrogen- 
containing compounds which are convertible to NO in the sampled gas. NO (including 
NO converted from N0 2 , basic nitrogen compounds and other convertible N-containing 
molecules) and non-convertible N-containing molecules reach the NO detector through 

10 CH3; and the difference between the detector signals for CH2 and CH3 provides a 
measure of the total basic-nitrogen-compounds concentration in the sampled gas. 

In some implementations, variations that occur in the ambient NO and N0 2 
concentrations may affect the accuracy of the total basic-nitrogen-compound 
concentration measurement. In such cases where the disturbance warrants, an algorithm 

15 is used to minimize the effects of such fluctuations by calculating the total basic- 
nitrogen-compound concentration based on a moving average for NO concentrations 
from channel A and channel B. For example, each NO concentration measurement is 
added to the previous consecutive measurements and divided by the total number of 
measurements made at that point in time. This moving average calculation may be 

20 represented by the following algorithm: 

Moving NO Average = (XI + X2 + . . . + Xn) / n, 

where X equals the NO concentration at a given time and n equals the total number of 
NO measurements made. The moving average calculation may be reset periodically to 
avoid the weighting of out-of-date measurements. In another algorithm, a selected 
25 number of values are added together to provide an initial average value and thereafter 
the oldest value is dropped from the average as the newest measured valve is added to it. 
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As shown in Figs. 8 A and 8B, control system 130 (e.g., a computer), in addition 
to collecting and analyzing data received from chemiluminescence detector 126, 
controls selection valve 1 14, valve 122 (or valves 122a and 122b, as shown in Fig. 8C), 
and scrubber-system valves 125, 125 1 and 125". Selection valve 1 14 is controlled by 
5 control system 130 to channel samples from multiple sampling ports 112 into the 
conversion module 6 in a selected order. Valve 122 is controlled to switch between 
channel A and channel B on the basis of settling times (i.e., the time required for the 
measured NO value to reach equilibrium following a shift). Preferably, multiple 
switching cycles are employed for a given sample line and the measurements are 

1 0 averaged, or a running average is employed, to produce a reliable measure of total basic 
nitrogen compounds, as has been described. 

Referring to Fig. 9, in another embodiment, conversion module 6 employs an 
additional valve 140 at the branching point of channels A and B. Valve 140, in 
conjunction with valve 122, isolates basic-nitrogen-compound scrubber system 120 and 

15 thus prevents the possibility of back-flow diffusion. The amount of sample that is 
directed by valve 140 to channel A and channel B is controlled by control system 130. 
In this embodiment, valve 122 is also connected to the vacuum pump by an auxiliary 
conduit 1 16a (which, again, is connected, in parallel with sample line 1 16, to a common 
vacuum pump) to draw gas through the non-selected channel so that substantially 

20 continuous flow conditions are maintained through both channels A and B at all times. 
Valve 140 is also connected to sample lines 1 16b and 116c, which are connected, in 
parallel, upstream from channels A and B. Sample lines 1 16b and 1 16c include 
respective pressure reducers 1 18b and 1 18c, which restrict the flow of sample gas to 
different degrees. When the sample gas is flowing through channel B, valve 140 selects 

25 the sample line with the more-restrictive pressure reducer (in this example, sample line 
1 16c) as the source of that gas. The resistance of the more-restrictive pressure reducer 
is selected to offset the inherent flow restriction generated by the scrubber system 120. 
While channel B is selected, valve 140 connects sample line 1 16b, which has the less- 
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restrictive pressure reducer, to supply a flow of gas sample through channel A and on 
through auxiliary sample line 1 16a. 

Referring to Fig. 10, in another embodiment, a separate and distinct channel for 
producing a reference of zero air is operated parallel with another channel for 
5 determining the total basic-nitrogen-compound concentration. Sampling point selection 
valves 1 14a and 1 14b, for channels 1 and 2, may be gauged and arranged to 
simultaneously sample the same location. Channel 1 produces a reference of zero air by 
directing a sample to basic-nitrogen-compound scrubber system 120 and then to a 
thermal catalytic converter 124a and chemiluminescence detection device 126a. At the 

10 same time, channel 2 directs a sample to a thermal catalytic converter 124b and a 

chemiluminescence detection device 126b. The NO measurements from channel 1 and 
2 are made simultaneously and then compared. This embodiment eliminates the effect 
of fluctuations in ambient NO and N0 2 concentrations by determining the actual NO 
and N0 2 concentration at the same time as the total NO response is being measured. 

15 Control system 130* calculates the total basic-nitrogen-compound concentration 

based on the differences between the two readings from the detectors 126a, 126b. A 
calibration system (not shown) is employed to compatibly zero the instruments (e.g., to 
accommodate variations in the converters and detection devices) so that they can 
operate together. A correction factor based upon, e.g., computer look up of an 

20 experience table, can be employed for calibration purposes. A calibration routine can be 
conducted periodically, and drift trends can be measured and stored to create a dynamic 
correction algorithm. 

This arrangement eliminates the possibility of noise from variations in ambient 
NO and N0 2 concentrations because the instantaneous value of the NO and N0 2 

25 concentration is always known and does not change during a calculation cycle. This 
system, in effect, reduces the time between ambient NO and N0 2 measurements to zero, 
which solves the fundamental problem of fluctuations in NO and N0 2 concentrations 
during a single calculation cycle. 
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The various embodiments may be implemented in a number of useful ways. The 
parameters of the basic-nitrogen-compound scrubbers are selected to remove only those 
basic nitrogen compounds that affect a given process. In one advantageous example, 
beds of photoresist-coated beads are used as the scrubbers, the photoresist material 
5 being selected to correspond to the photoresist material being employed in the process 
being monitored. Thus, the scrubbers remove those basic nitrogen compounds to which 
the photoresist process is peculiarly sensitive. In an important case, the scrubbers used 
in the detection systems of Figs. 8-10 are constructed and arranged to select construction 
materials for use in a basic-nitrogen-compound-sensitive process (e.g., chemically- 

10 amplified photoresist process). In another important case, the detection system of Figs. 
8-10 is connected to monitor the performance of a basic-nitrogen-compound gas filter 
system used to filter gas in a DUV stepper, scanner or coat/develop track. In another 
important case, the detection system of Figs. 8-10 is connected to monitor the total 
basic-nitrogen-compound concentration inside a DUV stepper, scanner, or coat/develop 

15 track. In another important case, the detection system of Figs. 8-10 is connected to 

monitor cleanroom concentration of total basic-nitrogen-compound concentration inside 
a DUV stepper, scanner, or coat/develop track. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 

20 various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 



